Introduction
Excitatory (facilitation) or inhibitory spinal reflex arcs (inhibition) mediated by group I afferent fibers from the muscle spindles (group Ia afferents) and Golgi tendon organs (group Ib afferents) among muscles in the human upper limb have been studied ( Fig. 1) (Aymard et al., 1995; Baldissea et al., 1983; Cavallari & Katz, 1989; Cavallari et al., 1992; Creange et al., 1992; Day et al., 1984; Fujii et al., 2001; Katz et al., 1991; Kobayashi et al., 2000; Lourenço et al., 2007; Marchand-Pauvert et al., 2000; Miyasaka et al., 1995 Miyasaka et al., , 1996 Miyasaka et al., , 1998 Miyasaka et al., , 2007 Naito et al., 1996 Naito et al., , 1998a Naito et al., , 2001 Naito, 2003 Naito, , 2004 Nakano et al., 2005 Nakano et al., , 2006 Ogawa et al., 2005; PierrotDeseilligny & Mazevet, 2000; Rossi et al., 1995; Sato et al., 2002; Shinozaki et al., 2001; Suzuki et al., 2005 Suzuki et al., , 2007 Wargon et al., 2006) . These reflex arcs modulate motoneuron excitabilities to coordinate smooth muscular movements (Naito, 2003 (Naito, , 2004 Pierrot-Deseilligny et al., 1981; Rothwell, 1994; Tanaka, 1989) . The facilitation must function for co-contraction of muscles and the inhibition for alternating or reciprocal contraction among muscles (Naito, 2003 (Naito, , 2004 . Musculus (m.) pronator teres (PT) arises from the medial epicondyle of the humerus (humeral head) and the coronoid process of the ulna (ulnar head) and attaches on the lateral surface of the shaft of the radius (Basmajian, 1982; Jenkins, 2008; Standring et al., 2005) . It is innervated by the median nerve. M. extensor carpi radialis longus (ECRL) arises mainly from the distal third of the supracondylar ridge of the humerus and attaches to the radial side of the dorsal aspect of the base of the second metacarpal. M. extensor carpi radialis brevis (ECRB) arises mainly from the lateral epicondyle of the humerus and attaches on the radial side of the base of the third metacarpal. Both muscles (ECR) are innervated by the radial nerve. Most textbooks of anatomy describe that PT acts as a forearm pronator and ECR as a wrist extensor and abductor. Our previous studies have demonstrated facilitation between PT and ECR (ECRL, ECRB) in humans ( Fig. 1) (Nakano et al., , 2006 . The facilitation seems to be mediated by group Ia afferents through a monosynaptic path. It is known that monosynaptic facilitation mediated by group Ia afferents is usually observed among synergistic muscles (Naito, 2003 (Naito, , 2004 Pierrot-Deseilligny et al., 1981; Tanaka, 1989) . However, since PT and ECR are not synergistic, the functional significance of the facilitation is still unclear. This chapter describes the significance elucidated by studies using an electromyography (EMG) and electrical neuromuscular stimulation (ENS). 
EMG study
Observations of activities of two muscles during repetitive movements must reveal activation of facilitation or inhibition between them. The facilitation must be active during co-contraction of the muscles and the inhibition must be during alternating or reciprocal contraction between the muscles. Since PT belongs to forearm pronators and ECR (ECRL, ECRB) to wrist extensors, activities of the muscles during repetitive movements of dynamic forearm pronation/supination, and those of static (isometric) wrist extension and dynamic wrist extension/flexion were studied using EMG. For EMG recording, bipolar intramuscular electrodes made of teflon-coated stainless steel wire (75 μm in diameter, SUS 316, AM system, Carlsborg WA, USA) with distance of about 4 mm were used (Basmajian & Deluca, 1985; Fujii et al., 2007; Naito et al., 1998b; Perotto, 1994) . The electrodes were implanted percutaneously into the muscles with 25 gaugeinjection needles (Naito et al., 1998b , Riek et al., 2000 . A wet bandage was put round the shoulder and used as reference. EMGs were amplified, band pass filtered (10-1,000 Hz), and sampled at 2,048 Hz. Then they were integrated (rectified and averaged) with an EMG integration program (Multi-Computer System, Giga Tex Co., Osaki, Japan).
The repetitive movements of dynamic forearm pronation/supination
EMGs of m biceps brachii (BB), PT, ECRL, ECRB, m. extensor carpi ulnalis (ECU), and m. flexor carpi ulnaris (FCU) were recorded in five normal subjects (male, age range 23-46 years). Movements tested were repetitive movements of dynamic forearm pronation/supination between the maximum prone (90 degrees of pronatioon) and spine positions (90 degrees of supination) with maintenance of the wrist neutral position (0 degrees of flexion/extension, 0 degrees of adduction/abduction). The subject sat on a chair with the shoulder joint flexed to 0 degrees of flexion and the elbow joint flexed to 90 degrees of flexion ( Fig. 2A) . In order to obtain adequate EMGs of the muscles (Basmajian and Deluca, 1985; Naito et al., 1998b) , a belt weighing 1.0-2.0 kg was wound around the hand (palm) as a load. The movements were pictured with three digital video cameras (NW-GS 100, Panasonic, Tokyo, Japan) (anterior, superior, and medial aspects). Trajectories of the styloid process of the radius during the movements were traced using a 3-D-position sensor (3DPS) system (Liberty, POLHEMUS, USA), which delivered coordinate (x, y, z). A terminal probe of the 3DPS system was put on the skin of the styloid process with adhesive tape. Lissajou's curves (trajectories in the coronary plane) was drawn with the data (x, y) using a 2-D Lissajou presentation program (RO299-4588G, Gigatex, Osaki, Japan). Video pictures and data of the 3DPS system were fed into a simultaneous recording system of digital video pictures and electric signals (The Teraview, Gigatex, Osaki, Japan) with EMGs (Sagae et al., 2010; Sato et al., 2007) . During the movements, BB showed activities increasing and decreasing and PT, ECRL, and ECRB parallel activities decreasing and increasing at the supination and pronation phases, respectively, in all the five subjects (Fig. 2B, C) . These fluctuations resulted in peaks and troughs of BB activities, and troughs and peaks of PT, ECRL, and ECRB activities at the maximum supination and pronation, respectively (Table 1) . ECU showed parallel activities to PT, ECRL, and ECRB activities in all the subjects and those to BB activities (Fig. 2C ) in two subjects. Peaks of the parallel activities of the latter were much lower than those of the former. FCU showed parallel activities to BB activities in three subjects (Fig 2B) . In one subject, large and regular activities of which peaks followed the peaks of BB activities and www.intechopen.com small irregular activities were observed (Fig. 2C ). In the remaining one subject, FCU showed no activities during the movements. Fig. 2 . An electromyographic (EMG) study of repetitive movements of dynamic forearm pronation/supination with maintenance of wrist neutral position in normal human subjects. A: The posture of the subject. During the experiment, the subject sits on a chair and keeps the shoulder joint at 0 degrees of flexion/extension, adduction/abduction, and external/internal rotation, the elbow joint at 90 degrees of flexion, and the wrist joint at 0 degrees of flexion/extension and adduction/abduction (neutral position). In order to evoke adequate EMG activities, a belt weighing 1.0-2.0 kg is surrounded around the hand. B, C: EMGs of BB, PT, ECRL, ECRB, ECU, and FCU during the movements in two subjects. The bottom solid lines indicate changes in the position of the forearm. Note that parallel activities of ECRL, ECRB, and PT increasing and decreasing at the pronation and supination phases, respectively, are observed in both the subjects.
Among BB, PT, ECR (ECRL, ECRB), ECU, and FCU in humans, facilitation between PT and ECR (Nakano et al., , 2006 , and from ECR to BB (Cavallari & Katz, 1989) and inhibition between BB and PT Naito et al., 1998a) , and from BB to FCU (Cavallari et al., 1992) have been studied (Fig. 1) . The EMG study showed that activities of BB increased and decreased and those of PT and ECR decreased and increased at the supination and pronation phases, respectively, in all the five subjects. This observation suggests that reciprocal contraction between BB and PT, and BB and ECR, and cocontraction of PT and ECR occur during the movements. The inhibition between BB and PT Table 1 . Peaks and troughs of activities of muscles during repetitive movements of dynamic forearm pronation/supination with maintenance of the wrist neutral position in five subjects. Naito et al., 1998a ) must be active during the reciprocal contraction and the facilitation between PT and ECR (Nakano et al., , 2006 ) must be during the cocontraction. The facilitation must work effectively for the parallel activities increasing at the pronation phase. The facilitation from ECR to BB (Cavallari & Katz, 1989) seems to be inactive during the movement. In the EMG study, parallel activities of ECU to PT and ECR activities and BB activities were seen in all and two subjects, respectively. The parallel activities of the latter were much smaller than those of the former. These results suggest that co-contraction of PT, ECR, and ECU, and reciprocal contraction between BB and ECU occur during the movement. The EMG study also showed that parallel activities of FCU to BB activities were observed in three subjects and activities of FCU of which peaks followed the peaks of BB activities in one subject. This observation suggests that co-contraction of BB and FCU, and reciprocal contraction between FCU and PT, and FCU and ECR occur during the movements. The inhibition from BB to FCU (Cavallari et al., 1992) seems to be inactive during the movements. Observations of the co-contraction and reciprocal contraction suggest a possibility that facilitation between PT and ECU, and ECR and ECU, and inhibition between PT and FCU, ECR and FCU, and ECU and FCU exist in humans. Further studies are required to elucidate existences of the facilitation and inhibition.
The repetitive movements of static wrist extension and dynamic wrist extension/flexion
EMGs of PT, ECRL, ECRB, and FCR were recorded in twelve normal human subjects (male 9, female 3, age range 20-40 years) . EMGs were fed into a data recorder (RECTI-HORIZ-8K, NEC, Tokyo, Japan) and pen recorder (RCD-928, Shinko, Tokyo, Japan). Movements tested were repetitive movements of static (isometric) wrist extension and dynamic wrist flexion/extension in the prone (about 80 degrees of pronation), semiprone (neutral), and supine positions (about 80 degrees of supination) of the forearm (Fig. 3A) . The subject sat on a chair and put the forearm on an experimental table with the shoulder joint flexed to 0-20 degrees of flexion and the elbow joint flexed to 70-90 degrees of flexion (Fig.  3A) . In the movements of the static wrist extension, the subject made an effort to extend the wrist in the position of 0-20 degrees of extension against resistance for about 5 sec. The resistance was produced by the experimenter's hand. The hand pressed the dorsum of the subject's hand to prevent the wrist from extending. The effort was performed 3-5 times at interval of about 5 sec. In the movements of the dynamic wrist flexion/extension, the subject performed a to-and-fro motion from the maximum flexion to the maximum extension of the wrist 5 times for about 25 sec. Angular changes of the wrist in flexion/extension direction were measured using an electrogoniometer (PH510, Denkikeisoku Hanbai, Tokyo, Japan). Data of the angular changes were fed into the data recorder and pen recorder with EMGs. Fig. 3 . An EMG study of repetitive movements of static (isometric) wrist extension with maintenance of the forearm in the prone, semiprone (neutral), and supine positions in normal human subjects. A: The posture of the subject. During the experiment, the subject sits on a chair and puts the pronated, semipronated, and supinated forearm on an experimental table with the shoulder joint at 0-20 degrees of flexion/extension, 0 degrees of adduction/abduction, and external/internal rotation, the elbow joint at 70-90 degrees of flexion. Static wrist extension is performed against the resistance produced by the experimaner's hand. B, C: EMGs of ECRL, ECRB, PT, and FCR during the movements in two subjects. The bottom thick lines indicate the period of the extension. Parallel activities of PT, ECRL, and ECRB are observed in the prone, semiprone, and supine positions in one subject (B) and in the prone position in another (C). Calibration bars for integrated EMGs: a percentage of the amplitude produced by the maximum contraction. Reproduced with permission from Fujii et al. (2007) .
During the movements of the static wrist extension, ECRL and ECRB showed activities in the prone, semiprone, and supine positions of the forearm in all the twelve subjects (Table 2 , Fig. 3B, C) . Slight or no activities were seen in FCR. PT showed activities in the prone, semiprone, and supine positions in all, eight, and eight subjects, respectively. The activities were parallel with those of ECRL and ECRB. In the remainders, PT showed no activities during the movements. During the movements of the dynamic wrist flexion/extension, activities of ECRL and ECRB increased at the extension phase and those of FCR at the flexion phase in all the twelve subjects (Fig. 4) . Therefore peaks of the activities of ECRL and ECRB appeared at the extension phase and those of FCR at the flexion phase (Table 3) . Activities of PT increased at the extension phase in all, eight and five subjects, respectively, and at the flexion phase in zero, four, and five subjects, respectively, in the prone, semiprone, and supine positions. In three subjects (YE, SY, SK in Table 3 ), the activities increased at both the extension and flexion phases in the semiprone and supine positions. The activities of PT at the extension and flexion phases were parallel with those of ECRL and ECRB, and FCR ( Fig. 4A ), respectively.
FCR: m. flexor carpi radialis. Abbreviations in this as well as Table 3 . Table 2 . Activities of muscles during repetitive movements of static wrist extension in twelve subjects.
Among PT, ECR, and FCR in humans, inhibition between ECR and FCR (Aymard et al., 1995; Baldissera et al., 1983; Day et al., 1984) , and facilitation between PT and ECR (Nakano et al., , 2006 have been studied (Fig. 1 ). In the EMG study, during the repetitive movements of the dynamic wrist flexion/extension ECR (ECRL and ECRB) and FCR showed increments of activities at the extension and flexion phases, respectively, regardless of the positions of the forearm in all the subjects. Therefore alternating contraction between the muscles occurred during the movements. The inhibition between ECR and FCR (Aymard et al., 1995; Baldissera et al., 1983; Day et al., 1984) must be active during the alternating contraction. In the EMG study, in the prone, semiprone, and supine positions of the forearm, PT and ECR showed parallel activities during the movements of the static wrist extension in all, eight, and eight subjects and at the extension phase of the movements of the dynamic wrist extension/flexion in all, eight and five subjects, respectively. Therefore cocontraction of the muscles occurred during the wrist extension movements at least with the prone forearm. The facilitation between PT and ECR (Nakano et al., , 2006 Table 3 . Peacks of activities of muscles during repetitive movements of dynamic wrist flexion/extension in twelve subjects. Fig. 4 . An EMG study of repetitive movements of dynamic wrist flexion/extension with maintenance of the forearm in the prone, semiprone (neutral), and supine positions in normal human subjects. The subject performed the movements in the posture as well as Fig.  3A . A, B: EMGs of ECRL, ECRB, PT, and FCR during the movements in two subjects. The bottom trace represents the position of the wrist in flexion/extension direction. Parallel activities of PT, ECRL, and ECRB are seen at the extension phase in the prone and semiprone positions in both subjects (A, B) . PT and FCR show parallel activities at the flexion phase in the supine and semiprone positions in one subject (A). Calibration bars for integrated EMGs: a percentage of the amplitude produced by the maximum contraction. Reproduced with permission from Fujii et al. (2007) .
active during the co-contraction. In the EMG study, during the movements of the dynamic wrist flexion/extension parallel activities of PT and FCR were seen at the flexion phase in the semiprone and supine positions in four and five subjects, respectively. This observation 
ENS study
Motions of the forearm and wrist produced by ENS to PT and ECRL were examined in the same twelve subjects of the EMG study in 2.2 . The subject sat on a chair the shoulder joint flexed to 0-20 degrees of flexion and the elbow joint flexed to 70-90 degrees of flexion as well as in EMG study in 2.2 (Fig. 3A) . The forearm was put on an experimental table in the prone, semiprone, and supine positions. For electrical stimulation, monopolar electrodes made of teflon-coated stainless steel wire (above-mentioned product) were implanted percutaneously into each motor point of ECRL and PT with 27 gauge injectionneedles Naito et al., 1994 Naito et al., , 2002 Sagae et al., 2010) . A guide needle of a 25 gauge spinal-needle (length: 89 mm, Top Co., Tokyo, Japan) was percutaneously inserted into the subcutaneous tissue along to the lateral intermuscular septum of the arm and used as reference. Before the implantation, locations of the motor points were examined by electrical stimulation with surface electrodes. During the implantation, electrical rectangular pulses (duration: 0.2 ms, amplitude: -20-0 V, frequency: 1 or 20 Hz) were occasionally delivered to the muscles through the wire electrodes and contraction of individual muscles was confirmed by inspecting and palpating the tendon or belly of them (Albright & Linburg, 1978; Basmajian, 1982; Standring, 2005; Yoshida, 1994) . Also it was carefully checked that no contraction of any other muscles was induced by the stimulation. For the ENS study, electrical rectangular pulses (duration: 0.2 ms, amplitude: -20 -0 V, frequency: 20 Hz) were delivered using a computer-controlled multi-channel functional electrical stimulation (FES) system which we had developed to restore motor functions of paralyzed extremities with intramuscular wire electrodes Hoshimiya et al., 1989) . EMGs of ECRL and PT were recorded with two pairs of surface electrodes (Ag/AgCl Paste Applied with PVC Tape, Vitrode, NIHON KODEN, Tokyo, Japan), which were put on the central part of the contracted muscle belly longitudinally with the distance of about 1 cm. EMGs were amplified and band pass filtered (10-350 Hz). A wet bandage put round the shoulder was used as reference. Stimulation intensities (voltage) for the motor threshold (MT) and maximum contraction (MC) in individual muscles were determined by monitoring EMGs (motor wave) of the muscles and palpating the belly and tendon of them. In order to stimulate each of the muscles with the intensity between MT and MC, the voltage data for MT and MC were put into the FES system. Before ENS, the examined forearm was in the prone, semiprone, and supine positions. Then motions of the forearm and wrist induced by ENS were taken video with a digital video system (NV-MX2500, Panasonic, Tokyo). Angular changes of the motions of the wrist in flexion/extension direction and the forearm in pronation/supination direction were measured with the electrogoniometers mentioned above. A motion of the wrist in abduction/adduction direction was checked with video pictures. During ENS, EMGs of PT and ECRL were recorded with the pairs of the surface electrodes mentioned above. Data of the angular changes and EMGs were fed into the data recorder and pen recorder. ENS to ECRL was examined in all the twelve subjects. Since ENS to PT resulted in activation of PT and the other muscles innervated by the median nerve, i.e. FCR, m. palmaris longus, in one subject, it was examined in the remaining eleven subjects. The stimulus intensity was increased linearly from MT to MC for 4-5 sec.
www.intechopen.com ENS to PT induced a motion of forearm pronation from the prone, semiprone, and supine positions to the maximum pronation (90 degrees of pronation) in all the eleven subjects. ENS to ECRL induced motions of wrist extension to the maximum extention (70 degrees of extension) and abduction (radial flexion) to 5-20 degrees of abduction regardless of the positions of the forearm in all the twelve subjects. When the forearm was pronated before ENS, 30-80 degrees supination of the forearm from the prone position was induced in all the twelve subjects (Fig. 5) . Combined ENS to PT and ECRL was examined in the eleven subjects. An increase of the stimulus intensity of ENS to PT from MT to MC fixed the forearm in the maximum pronation (Fig. 6) . Then an increase for ENS to ECRL from MT to MC resulted in motions of wrist extension to the maximum extension and abduction to 5-20 degrees of abduction without a motion of supination in all the eleven subjects. In this situation, a decrease of the intensity of ENS to PT from MC to MT resulted in a motion of 40-90 degrees supination from the maximum pronation while holding the wrist extension and abduction. Then the increase of the intensity of ENS to PT from MT to MC resulted in a motion of pronation to the maximum pronation while holding the extension and abduction (Fig. 6D ).
Functional significance of the facilitation between PT and ECR
The ENS study showed that ENS to PT produced forearm pronation from the prone, semiprone, and supine positions to the maximum prone position and that to ECRL wrist extension to the maximum extension and abduction to 5-20 degrees of abduction in the forearm prone, semiprone, and supine positions in all subject. These results suggest that PT acts as a forearm pronator and ECRL as a wrist extensor and abductor independent of the forearm position. The EMG study of the repetitive movements of dynamic forearm pronation/supination with maintenance of the wrist neutral position showed parallel activities of PT, ECRL, and ECRB increasing and decreasing at the pronation and supination phases, respectively, in all subject. This result suggests that the facilitation between PT and ECR is active during the co-contraction and works effectively at the pronation phase of the movements. Since at the pronation phase pronating force of PT must be used to pronate the forearm and extending and abducting force of ECR must be to support the weight of the hand, the facilitation seems to be convenient for maintenance of the wrist position. The ENS study showed that ENS to ECRL produced 30-80 degrees forearm supination from the prone position in all subject. This result suggests that ECRL act as not only a wrist extensor and abductor but also a forearm supinator when the forearm is in the prone position. Hence forearm supination from the prone position should be added to one of the actions of ECRL. The EMG study showed parallel activities of PT, ECRL, and ECRB during the movements of static wrist extension and at the extension phase of the movements of dynamic wrist extension/flexion in the prone position of the forearm in all subject. This result suggests that co-contraction of PT and ECR occurs during both static and dynamic wrist extension movements at least with the prone forearm. The facilitation must be active during the co-contraction. Since during the wrist extension movements extending and abducting force of ECRL must be used to extend the wrist and pronating force of PT must be to counteract supinating force of ECRL, the facilitation seems to be very convenient for maintenance of the forearm position. Actually the ENS study confirmed that combined ENS to PT and ECRL resulted in wrist extension and abduction with maintenance of the forearm prone position. The results of the EMG and ENS studies suggest that the facilitation is between antagonistic muscles. It is of no ordinary type.
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Effects of wrist extension and flexion on forearm supinating force
It is known that FCR acts as not only a wrist flexor and abductor but also a forearm pronator (American Society for Surgery of the Hand, 2011; Basmajian, 1982) . The ENS study has shown that ECRL acts as a wrist extensor and abductor and a forearm supinator when the forearm is in the prone position . It therefore is support an idea that forearm supinating force is increased and decreased by wrist extension and flexion, respectively. Our previous study showed effects of wrist extension and flexion on forearm supinating force in humans (Otaki et al., 2009 ). In our study, the forces produced by maximal supination with the wrist relaxed (R-Sup), maximally flexed (F-Sup), and maximally extended (E-Sup) in the forearm 90° (prone), 60°, 30°, and 0° pronated (neutral) positions were measured in eight normal human subjects (male 7, female 1, age range 20-41 years). Also activities of BB, which acts as an elbow flexor and forearm supinator, FCR, and ECR (ECRL and ECRB) were recorded with EMG using surface electrodes. In the EMG study, FCR and ECR respectively showed activities during wrist flexion and extension (Fig. 7A, B) . BB showed activities increasing concomitantly with increased the force. Usually, E-Sup produced larger BB activities than R-Sup and F-Sup; and F-Sup decreased FCR activities and increased ECR activities. In the force study, the respective force of R-, F-, and E-Sup decreased with changing position from prone to neutral. Assuming the force of R-Sup in each position as 100%, that of E-Sup was 163±20%(mean ±S.D.), 142±17%, 134±15%, and 118±23%, and those of F-Sup was 81±7%, 90±14%, 78±13%, and 80±10%, respectively, in the prone, P60°, P30°, and neutral positions (Fig. 7C) . In every position, the force of E-Sup was larger and that of F-Sup was smaller than that of R-Sup. The increment of the force of E-Sup decreased with changing the position from prone to neutral. The results of the force study suggest that the supinating force is reinforced by the extension and weakened by the flexion and the reinforcement effect decreases with supination of the forearm. Since reflex arcs of facilitation from ECR to BB, inhibition between FCR and ECR, and from BB to FCR exist in humans ( Fig. 1) (Aymard et al., 1995; Baldissera et al., 1983; Cavallari & Katz, 1989; Cavallari et al, 1992) , the results of the EMG study suggest that the effects result not only from actions of the muscles but also from activations of the reflex arcs. Our recent study further showed an increase and decrease of forearm pronating force by wrist flexion and extension, respectively, in humans (Sato et al., 2011) .
Summary
The functional significance of facilitatory spinal reflex arcs (facilitation) between musculus (m.) pronator teres (PT) and m. ectensor carpi radialis (ECR; ECR longus: ECRL, ECR brevis: ECRB) in humans was studied using an electromyography (EMG) and electrical neuromuscular stimulation (ENS). The EMG study of dynamic forearm pronation/ supination movements with maintenance of the wrist neutral position (PS-movements) showed parallel activities (co-contraction) of PT and ECR increasing and decreasing at the www.intechopen.com pronation and supination phases, respectively. The facilitation must be active during the cocontraction and work effectively at the pronation phase. The EMG study of static and dynamic wrist extension movements with the prone forearm (WE-movements) also showed co-contraction of the muscles. The facilitation must be active during the co-contraction. The ENS study showed that ENS to PT produced forearm pronation and that to ECRL wrist extension and abduction independent of the forearm position. Since at the pronation phase of the PS-movements pronating force of PT must be used to pronate the forearm and extending and abducting force of ECR must be to support the weight of the hand, the facilitation seems to be convenient for maintenance of the wrist position. The ENS study also showed that ENS to ECRL produced forearm supination from the prone position. This result suggests that ECRL acts as not only a wrist extensor and abductor but also a forearm supinator when the forearm is in the peone position. Since during the WE-movements extending force of ECR must be used to extend the wrist and pronating force of PT must be to counteract supinating force of ECR, the facilitation seems to be convenient for maintenance of the forearm position. The results of EMG and ENS studies suggest that the facilitation is between antagonistic muscles. Finally, an increase and decrease of forearm supinating force respectively by wrist extension and flexion were briefly described.
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